Abstract-Background: Two recent studies suggest that the risk of ALS is increased among Gulf War veterans. It is not known whether military service outside of the Gulf War is associated with increased risk of ALS. Methods: The authors prospectively assessed the relation between service in the military and ALS mortality among participants in the Cancer Prevention Study II cohort of the American Cancer Society, a cohort that includes over 500,000 men from the 50 states, Washington, DC, and Puerto Rico. Participant follow-up was conducted from 1989 through 1998 for ALS mortality. There were a total of 280 deaths from ALS among 126,414 men who did not serve in the military and 281,874 who did. Adjusted relative risks (RRs) were calculated using Mantel-Haenszel weights and Cox proportional hazards. Results: Men who served in the military had an increased death rate from ALS (RR ϭ 1.53; 95% CI: 1.12 to 2.09; p ϭ 0.007) compared with those who did not serve. The increase in ALS mortality was observed among men who served in the Army or National Guard (RR ϭ 1.54), Navy (RR ϭ 1.87), Air Force (RR ϭ 1.54), and Coast Guard (RR ϭ 2.24); no increase in risk was found in men who served in the Marine Corps, although there were only 13,670 men in this group. The risk of ALS among men who served was elevated in every 5-year birth cohort from 1915 through 1939. Conclusions: Military personnel have an increased risk of ALS. This increase appeared to be largely independent of the branch of service and the time period served. NEUROLOGY 2005;64:32-37 The median survival time from diagnosis with ALS is an estimated 1.5 to 3 years. [1] [2] [3] [4] [5] In the United States, Ͼ5,500 people are newly diagnosed with ALS each year, with an incidence rate that increases with age and is higher in men than women.
The median survival time from diagnosis with ALS is an estimated 1.5 to 3 years. [1] [2] [3] [4] [5] In the United States, Ͼ5,500 people are newly diagnosed with ALS each year, with an incidence rate that increases with age and is higher in men than women. 6 Although there are familial cases of ALS and both autosomal dominant and autosomal recessive transmission has been documented, 7 about 90% of cases are sporadic 8 and of unknown etiology. Two recent reports have focused attention on the possible link between military service in the first Gulf War and risk of ALS. 9, 10 It remains unclear whether this link is due to exposure to toxic or infectious agents specific to the Gulf War or to some more general aspect of military life. 11, 12 To address this question, we assessed the relation between military service in different time periods and ALS mortality among men who participated in the Cancer Prevention Study II (CPS II) cohort of the American Cancer Society (questions on military service were not included in the women's questionnaire). This cohort comprises over a half-million American men 13 and includes data on military service up to 1982.
Methods. Study population. The CPS II is a prospective cohort study of nearly 1.2 million US men and women, begun in 1982. Participants were recruited by American Cancer Society volunteers in 50 states, the District of Columbia, and Puerto Rico. 13 Families with at least one member over age 45 and other family members over age 30 were invited to participate. In total, 508,334 men completed a 4-page questionnaire. The median age of the men at cohort entry in 1982 was 57 years. Because deaths from ALS before January 1, 1989, were not coded separately, we excluded follow-up time and 48,974 deaths that occurred before this date. In the baseline self-administered questionnaire, participants were asked whether they had a diagnosis of selected diseases (not including ALS) or "any other serious disease." We excluded the 44,218 (about 10% of the cohort) who reported "any other serious disease" because they may have had ALS at the time of completing the questionnaire and 6,854 men with missing military service data. The final population analyzed thus comprised 408,288 men who had survived until January 1, 1989, and who were followed for ALS mortality from January 1, 1989, to December 31, 1998 . There were 284 ALS deaths among those men not reporting any other serious illness at baseline, among which 4 were men who had missing military data, leaving a total of 280 ALS deaths in our study. All aspects of the CPS II study are approved by the Emory University School of Medicine Human Investigations Committee. The study of military service and ALS was additionally approved by the Institutional Review Board of the Harvard School of Public Health.
Case ascertainment. Vital status of the study participants has been determined by automated linkage with the National Death Index (NDI) from January 1, 1989, through December 31, 1998.
The NDI began providing multiple cause-of-death codes for linked deaths in 1993. Death certificates (1989 to 1992) or multiple cause-of-death codes (1993 to 1998) have been obtained for Ͼ98% of known deaths. The underlying cause of death was coded according to the 9th revision of the International Classification of Disease (ICD-9). 15 Deaths from ALS are defined as ICD-9 code 335.2 (motor neuron disease) as either the underlying or a contributing cause of death. We had available for review 108 death certificates from men originally coded ICD-9 335.2 as underlying cause of death in CPS II (these certificates were obtained for deaths that occurred in 1989 to 1993; for later deaths, actual death certificates were not requested because NDI directly provided multiple causeof-death codes). Among these 108 certificates, 93 (86.1%) were specified as ALS (ICD-9 ϭ 335.20), whereas 12 (11.1%) were not specified beyond motor neuron disease (ICD-9 ϭ 335.2). Of the remaining three (2.8%), one had a diagnosis of bulbar palsy, one had a diagnosis of progressive muscular dystrophy, and one (0.9%) had illegible text. These results suggest that few deaths with code 335.2 did not have a diagnosis of ALS.
Military service information. Military service was ascertained in 1982 by the question, "Were you in the US Armed Services?" Those who answered "yes" were also asked about the branch, location, and years of service. If the years of service included any portion of 1917 to 1918, the participant was considered to have served during World War I; if the years of service included any portion of 1942 to 1944, the participant was considered to have served during World War II; if the years of service included any portion of 1950 to 1953, the participant was considered to have served during the Korean War; and if the years of service included any portion of 1965 to 1973, the participant was considered to have served during the Vietnam War. The total number of years of service was categorized by quintile. The number of war periods during which personnel served was coded 0 to 4, the sum of the number of periods listed above during which the person served.
Statistical analyses. Participants contributed follow-up time from January 1, 1989 , to the date of death from ALS or any other cause or December 31, 1998, whichever came first. Age-specific mortality rates were calculated as the number of ALS deaths divided by person-time of follow-up in each 5-year age group. Age-adjusted (in 5-year age groups) and smoking-adjusted (never, former, current) relative risks (RRs) were calculated by dividing the incidence of ALS among participants in each category of age, smoking, and military service by the corresponding incidence among those who never served in the military, using MantelHaenszel weights. We used Cox proportional hazards regression to estimate RR and 95% CIs when adjusting for additional variables. To obtain a better age adjustment, the Cox models were stratified by age in single years. The significance of trends was assessed using the method of Breslow and Day 16 or by including the variable as a continuous term to the Cox models. For total years served, this was done by assigning medians to each quintile and modeling the median values as a continuous variable. Alcohol intake was categorized into those who reported no intake and quartiles of intake for the others. The proportional hazards assumption was tested by adding a term to the Cox model for the interaction between military service and period of follow-up. SAS (version 8; Cary, NC) was used for all analyses. and had a slightly higher alcohol intake. Other factors possibly related to risk of ALS, such as use of vitamin E supplements, occupation, and exposure to environmental pesticides and solvents, were similarly distributed in the two groups, except for a smaller proportion of farmers among men who served in the military.
The age-and smoking-adjusted RR for ALS mortality was 1.58 (95% CI: 1.14 to 2.19; p ϭ 0.005) comparing those who served in the military with those who did not (table 2) . These results were virtually identical if adjustment for smoking was made by quintile of pack-years of smoking (RR: 1.56; 95% CI: 1.13 to 2.16; p ϭ 0.007). Mortality from ALS was higher among men who had served in nearly all branches of the military, including the Army and National Guard, Navy, Air Force, and Coast Guard (see table 2 ). The risk was not elevated for those who served in the Marines, although the number who reported serving in the Marines was small, as was the number serving in the Coast Guard. The increased risk of ALS was largely independent of the number of years served in the military (table 3) . Results were similar after adjusting for education, alcohol consumption, self-reported exposure to pesticides and herbicides, and main lifetime occupation as a farmer, in a job involving electrical work or welding, or food preparation.
The increased risk of ALS mortality was similar among those who served in the military in World War II, Korea, or Vietnam compared with those who never served (table  4) . The multivariate-adjusted RR of ALS among those who served increased steadily with an increasing number of periods of war during a person's military service, but the overall trend was significant only when including the reference category (see table 4 ).
Comorbidities might lead to some underascertainment of ALS on death certificates. Because comorbidities would be more likely at older ages, we repeated the analyses with follow-up only until age 75. These analyses included 183 deaths attributed to ALS. Compared with those who never served in the military, the RR for those who did serve was 1.77 (95% CI: 1.14 to 2.74). The association was somewhat Discussion. In this prospective study among US men, we found a positive association between military service and an increased death rate from ALS. The military service reported by participants in our cohort was all before the first Gulf War. Less than 2% of those who served in the military in our cohort were under age 45 in 1990 in contrast with 98% of military personnel deployed during the first Gulf War. 10 Thus, our results are effectively independent of Gulf War military service and suggest that the association reported 9, 10 between ALS and service in the Gulf War may extend to other military conflicts. Increased risk appeared largely independent of the branch of military service, the years when service occurred, or the number of years served but had some association with birth cohort and with military service during war periods. A strength of our study is the availability of information on aspects of lifestyle that could potentially affect the death rates from ALS. The facts that there was little difference between those who served in the military and those who did not in race, vitamin E intake, or selfreported exposure to chemicals, acids, and solvents and that the observed increase in death rate from ALS among men who served in the military was virtually unchanged after adjustment for cigarette smoking, alcohol consumption, education, selfreported exposure to pesticides and herbicides, and specific occupations that have been suggested to be associated with risk of ALS [17] [18] [19] [20] [21] [22] [23] suggest that the excess in ALS deaths among men who served in the military is not explained by these factors. As in all observational studies, however, confounding by other unknown factors cannot be excluded.
Soon after the end of the first Gulf War, numerous neurologic symptoms were reported by deployed military personnel. [24] [25] [26] [27] Early reports of increased ALS were inconclusive, 26, 28 but an increased risk of ALS among Gulf War veterans was found in two recent studies. 9, 10 An overall 10-year cumulative incidence RR of 1.92 (95% CI: 1.29 to 2.84) for ALS comparing personnel deployed with those not deployed using Department of Defense data on deployment status was found. 10 The RR was elevated for all branches of service, with the lowest RR found among those in the Marine Corps. In a separate study, 9 ALS diagnosed before age 45 was investigated, and 17 ALS cases among deployed Gulf War veterans were identified. The number of observed ALS cases was compared with the number expected based on ALS mortality rates in the US population, adjusting for age. The standardized morbidity ratio increased over the period 1991 to 1998 and was 2.27 from 1995 to 1998.
An important difference between the Gulf War studies 9, 10 and our investigation is that we did not have information on deployment during wartime, which was the principal exposure considered in the previous reports. Thus, a possible adverse effect of deployment on ALS mortality in our study would have been diluted by the inclusion of deployed and nondeployed men in the same category. The lower RR in our study compared with the previous investigations is consistent with this explanation, but further studies with more detailed data on deployment of military personnel regardless of their period of service will be needed to resolve this issue. Our results were somewhat stronger when we excluded deaths after age 75, which are probably more prone to misclassification of disease. This suggests that diagnostic errors at older ages might also partially contribute to the reduced association compared with the previous reports.
Another limitation of our study is that follow-up of the CPS II cohort was limited to mortality and did not directly measure ALS incidence. Bias from this source is, however, likely to be small because the median survival with ALS is short (1.5 to 3 years), [1] [2] [3] [4] [5] and mortality is thus a good surrogate for incidence. An additional question is the validity of the ALS diagnosis reported in death certificates. Although the diagnosis of ALS may be difficult early in the disease course and standardized criteria have been developed for selection of patients in clinical trials, 29 the diagnosis becomes manifest with the progression of the disease, and it is unlikely that a diagnosis of ALS would be made on the death certificate in patients who did not have the disease. In contrast, death certificates have been estimated to accurately identify only 70 to 90% of ALS or motor neuron disease cases. [30] [31] [32] [33] Thus, a small number of ALS deaths will have been attributed to other causes in CPS II. This will not materially bias the RR estimates unless the misclassification of the cause of death was strongly related to military service. Finally, it should be mentioned that our cohort comprised healthy volunteers rather than a representative sample of the US population. This fact does not affect the validity of the findings, but generalization to the entire US veteran population should be done cautiously, although the overall and age-specific ALS mortality in our cohort, as previously reported, 34 is similar to that in other US-based studies.
The large number of environmental factors to which Gulf War veterans were exposed has led to skepticism that a particular etiologic agent could be identified from analyses of ALS among these veterans. 11, 12 Our data suggest that the search for etiologic agents may be aided by considering exposures that are not specific to a particular time period or conflict. Among these are use of the insect repellant DEET (N,N-diethyl-m-toluamide; discovered in the 1930s) and inhalation of aerosolized lead, which can be generated by, for example, firing of weapons or military vehicle-finishing operations. [35] [36] [37] [38] Exposure to other chemicals, 39, 40 traumatic injury, [40] [41] [42] some viral infections, 40, 41, 43 and intense physical activity, 44, 45 which have been-with varying degrees of consistencyassociated with ALS in civilian populations, may also be more common for military personnel.
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